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Introduction

1
The Na−K−Mg−Ca−Cl−SO 4 −H 2 O system describes 99.4 % of the ma-2 jor dissolved ions in Standard Seawater by weight (Millero et al., 2008) , and 3 these ions have long been known to display constant ratios to one another 4 throughout the world ocean (Forchhammer, 1865; Dittmar et al., 1873 ). This 5 conservative behaviour gave rise to the concept of salinity, which was orig- with respect to their, typically hydrated, solid phases, which precipitate.
51
The current understanding of solid-solution equilibria in sea ice states the 52 following sequence of precipitates from sea ice brine as it cools to its eutectic: Salt precipitation in sea ice is confined to the brine inclusions that per-70 meate its structure, ranging in diameter from 10 µm to 10 mm depending 71 on the ice temperature (Light et al., 2003) . The physical and chemical prop- 
88
Sea ice salinity is most often measured as a bulk property, determined as 89 S P in melted sea ice samples. Measurements of bulk sea ice S P are then used represent conditions that extend well into the temperature-salinity region sol ) was then calculated as follows:
where the i th of n constituents has a concentration of c i (mol kg 
with an estimated standard error of ±0.14. Lastly, the S P measured by the 206 conductivity meter was multiplied by the dilution factor to obtain S 
where m i and M W i are the molality and molecular mass (g mol −1 ) of the i 
where z i is the charge of the i th ion.
253
The ionic molal conductivities of each ion calculated from equations 4 254 to 6 were summed to give the total electrical conductivity of the solution at Our measured and modelled practical and absolute salinities were com- 
327
Whilst it is currently difficult to know the true extent of ikaite and gyp-328 sum precipitation from sea ice brines, we used the higher estimates for their and S P mod (using the same principles outlined in sections 2.3 and 2.4). to a sea ice brine at ice-brine-mirabilite equilibrium at −22.8
Conserv. 
334
Compared to the effects of mirabilite, which causes S 
where T fr is the brine freezing point ( • C) and S A is in g kg 
376
We propose these equations for sea ice brines between −1.8 and −22. 
with R 2 = 0.99998, σ = 0.295, n = 211 and p < 0.001. Secondly, we derive used to accurately calculate the brine freezing point when only S P data is 437 available, which is typically the case for sea ice brines in field studies.
438
The S P − T fr (equation 9) and S A − T fr (equation 7) relationships are com-439 pared to available sea ice brine S P − T fr data from the field (section 2.5) in ues to increase at a greater rate than our S A − T fr relationship, consistent
445
with the divergence of S P and S A as a result of mirabilite-brine equilibrium.
446
The field data are more accordant with our S P − T fr relationship that is im-447 plicit of mirabilite precipitation but the field brine S P increases at a slightly 448 greater rate than our S P − T fr relationship at temperatures below −9 • C.
449
This difference may reflect the precipitation of other salts within the field 450 brines (section 3) combined with their more complex solution composition.
451
The discrepancies provide scope for further laboratory or field investigations 452 with natural sea ice brines that may be able to account for these additional in Assur (1960) ,
which, as explicitly stated by Assur (1960) , is only valid for use in sea ice 
470
The effect of using the easily measurable S P instead of S A for the cal- Table 4 : The effect of using S P rather than S A (g kg and Weeks, 1983 ) where ρ si is sea ice density (fixed at 0.926 g cm −3 ) and S si is the bulk sea ice salinity.
c Equation 7
d θ = 1 − 0.001S A (Mucci, 1983) 4.3. Estimating absolute salinity from practical salinity
488
To facilitate a more accurate description of in-situ sea ice properties,
489
we formulated a conversion factor (Φ), which may be used to estimate S A 490 from measurement of S P in natural sea ice brines (S 
which was fitted to a third order polynomial function of S simplified composition relative to that of brines in a natural sea ice system.
562
Until measurements of natural brine S A and density are made, the data and comprehensive information about mirabilite precipitation in sea ice brines.
576
Furthermore, the first S P − T fr relationship has been formulated for sea ice 577 brines at thermal equilibrium. Our analysis has shown that, between −6.4 578 and −22.8
• C, the S P increases at a greater rate than S A due to the redis- 
33
The equations maintain the current paradigm that brines attain ther- 
